¢
3
«
@
|

4

. Y- oo §

: —_ !
i i g
. AgRISTARS i
{ - JSC 18908
} 13904 3
s A Joint Program for 7
: Agriculture and

Resources Inventory
} Surveys Through

3 Aerospace

]

:

k

‘ \
- Vaget DS
L Wttt g K

Remote Sensing

 Yield Moc<t Development

- &%
Lt

JANUARY 16, 1934

e

ARGENTINA CORMN YIELD MODEL

(EB4-10105) ARGENTINA CUEN YIELD MCDEL NB4~-21923
(National Cceanic and Atmospheric
Adeinistraticn) 15 p d4C AQ2/MF A0l CSCL 02C

wrbibd it o o

Unclas
G3/43 00105

SUSAN L. CALLIS
CLARENCE SAKAMOTO

CE RS 1A

P Y

PP -v»va»m\"m-;mWM '

A
Lyndon B. Johnson Space Center 3
Houston Texas 77058 ; '
A o T T T e R R i e g LT e &




ii ‘-"7- v
- Lo

o “.

. e

ARGENTINA CORN YIELD MODEL

Bv

’

Susan L. Callis

and

Clarence Sakamoto

AISC Models Branch

o

. (EAY
5 R
21 o

w2

January 16, 1984

"
>

o L




1. Report No. 2. Government Accession No. 3. Reciprent’s Catalog No
YM-N4-04456, JSC 18908 s anis Re.
4. Title and Subnitle 5. Report Date
January 16, 1984
Argentina Corn Yield Model 6. Performing Organization Code
7. Author(s) 8. Performing Orgenization Report No
Susan L. Callis and Clarence Sakamoto !
- - 10. Work Unit No.
9. Performing Organization Name and Address
USDC/NOAA ,
CIAD/Models Branch 11. Contract or Grant No. 1
Room 200, Federal Bldg, 608 Cherry St.
Columbia, MO 65201
13. Type of Report and Period Covered
12. Spomoring Agency Name and Address . s .
National Aeronautics and Space Administration
Lyndon B. Johnson Space Center 14
| Houston, TX 77058 + Sponoring Agency Code
15. Supplementary Notes ]
16. Abstract
A model based on multiple regression was developed to estimate corn yields for the
country of Argentina. A meteorological data set was obtained for the country by
averaging data for stations within the corn-growing area. Predictor variables
for the model were derived from monthly total precipitation, average monthly mean
temperature, and average monthly maximum temperature. A "trend variable" was
included for the years 1965 to 1980 since an increasing trend in yields due to
technology was observed between these years.
]
17. Key Words {Suggested by Author(s)) 18. Distribution Statement
Multiple regression
Predictor variables
19. Security Clamif. (of this report) 20. Security Classit. (of this pege) 21. No. of Pages 22, Price’
Unclassified Unclassified 13
*For sale by the National Technical Information Service, Springfield, Virginia 22161
JSC Form 1424 (Rev Nov 78) NASA — JSC




Y

ORIGINAL PAGE 1S
OF POOR QUALITY

INTRODUCTION

The purpose of tnis stuay was to select monthly weather variadies that coula
be used to estimate yields of the Aruentina corn crop. Tne corn-growing area
in Argentina is indicated in Figure 1. Most of Argentina's corn is grown in &
concentrated area in central Argentina where the ¢limate is predominantly humid
subtropical., The western edge of the soybean area in central Cordoba is semi-
arid with warm to hot summers. There drought and high temperatures can be a
problem during the growing season which begins with planting in October and
November and extends to harvest in April through June.

METHOD

Multiple regression analysis of yield with selected agroclimatic indices
was used to derive a suitable model. The regression equation for the corn model
derived is:

? = o+ BT + B2 (ETMETHi) + B3 (TXy) + E
where

?‘ = Estimated yield
X = Constant
BJ = Coefficients of the variables j =1 -3

T = Trend 1965-1980

ETMETH; = ET - é} for month i: where é} = K-PET and K = ET/PET.
TX; = Maximum temperature for month i, and
E = Unexplained error.
Trend be;;een the years 1965 and 1980 was determined from a plot of yields as
shown in Figure 2, ET (evapotranspiration) minus é} (climatically appropriate
evapotranspiration) was used as an index representing soil moisture for plant

growth, A more complete definition is given in the Appendix, Large positive

A
ET - ET values suggest wet conditions,
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Figure 1. DENSITY OF PLANTED AREA IN CORN 1977/78 CROP YEAR
(Source: "Agronomic Characzerization of the Arpen-
tina Indicator Region")
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In ceveloping the models, various procedures of the Statistical Analysis
System !SAS Institute, Inc,, 1979) were used. The procecdures used and the
soeretiors perstormed with each are summarizec in tne Lpiencix. Thne selectec
inoge nal tne highest k< ana inciuded variables that were significant at the

10 per cent level and were agronomically meaningful,

DATA

Crop data for Argentina from 1960 to 1979 was obtained from the Foreign
Agricultural Service (Alan Vandagrith, personal communication, 1982), A data
set was created with year of yield as year of planting, Since the growing
season spans two numerical years, the crop data was expressed in terms of "year
+ 1" (or harvested year) and the meteorological data corresponding to any yield
included data for that year and "lagged" data for the previous year.

The meteorological data was created using the general Argentina
meteorological station file. This file was composed of data from several
different sources, including the Monthly Climatic Data for the World and the
Servicio Meteorological Nacional in Argentina (R.E. Jensen, C.M, Sakamoto, and
S.E. Mummert; August, 1974)., Stations inside the corn-producing area were
averaged by province and weighted according to the percentage that their pro-
vince contributed to the entire country's production, Figure 3 shows the corn-
growing area in Argentina and associated stations; Table 1 lists the stations
used and their weights,

The years between 1961 and 1980 (year of harvest) were used in the model

since these years contained the most complete meteorological data.
PROCEDURES

Weather variables were selected from correlations and plots with yield,

These variables, along with TREND, were tried in reyression equations., The

1imited number of data years severely limits the number of variables that

4
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STATION NAME WEIGHT

BUENOS AIRES «50

Pergamino
Junin
Nueve de Julio .

CORDOBA .27

Rio Cuarto
Bell Ville

SANTA FE .23 e

Rosario
Casilda
Las Delicias B
Parana -
Pergamino

-

Table 1, Meteorological Stations Used
for the Argentina Corn Model. .
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can be included in a regression model by limiting the number of degrees of
freedom. This influenced the choice of model considered "best" for soybeans,
Tnree weather variables plus TREND were considered the optimum model with 19
years of data. Tne three weather variables are:

ETMETHIl  caanneannacsdkT = é} for November

TX120c0esooscssscssssMaximum temperature for December

TXleeeeesoesosaseosessMaximum temperature for January.

The coefficient for the November variable was positive which reflects
moisture requirements just after planting., The coefficients for maximum
temperature for December and January were negative indicating that temperatures
too high in the peak summer months during the tasselling and silking stages lead
to stress on the plant, There is a critical growth period for corn, The

statistics of the selected model are summarized in Table 2.

TEST RESULTS
A jackknife test was run on the model. In this test a year was eliminated
from the crop data and the model was used to predict that year's yield, This
process was dune. for each successive year beginning with 1961. The results were
reasonable with the greatest difference (3.24 quintils) between predicted and
actual yield in 1976. That year severe drought badly damaged the corn crop and
harvest was hampered by rains, Test results are printed on Table 3 and plotted

on Figure 4,
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APPENDIX

The difference between E7 and ET 1s an 1ndex of tne amount of moisture

available for plant growtn., Soil moisture aepietion iS based on evapo-

transpiration (ET) estimates, determined as follows:

(€N = (St [ §(PET), = (P13 + (P ]

AWCL
where

(ET)y = "Actual” evapotranspiration,

(S)p-1 = Available moisture at end of n-1 month,

AWC = Maximum water holding capacity,

(P)y = Precipitation for month n, and

(PET), = Potential evapotranspira~ion for month n.

A

ET - ET measures the difference between the actual evapotranspiration and the

“climatically appropriate” evapotranspiration, giving an indication of soil

moisture supply and demand.

Statistical Analysis System Procedures Used

PROC CORR

PROC PLOT

PROC STEPWISE

PROC STEPWISE FORWARD

Ccmputes correlation coefficients between
variables, including Pearson product-moment
and weighted product-moment correlation,

Graphs one variable against another, .roducing
a printer plot,

Provides five methods for stepwise regression,
Stepwise is useful when selecting variab,es to
be included in a regression model from a
collection of independent variables,

Begins by finding the gne-variable model that
produces the highest RS, For each of the other
independent variables, FORWARD calculates F-
statistics reflecting the contribution to the
model if the variable were to be included.
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PROC STEPWISc BACKWARD

AU SHNVSVR P TV

PRUC STEPWISE STEPWISE

Poam o,

PROC STEPWISE MAXR

FTe -

1.

PROC PETM

PROC ZINDEX

Sk el s
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Begins by calculating statistics for a mode)
including all the independent variables, The
variables are deletea from tne model one by
one until all tne remairir; variandles produce
F-5tati1stics s1gnifrca~t a7 tne L1 devel,

Tne stepwisez metnod is & mogification of tne
forwarga selection tecnnique, di1ffering in

that variables already in the model do not
necessarily stay there. After a variable is
added (as in the forward selection method) the
stepwise method looks at all the variables
already included in the model and deletes any
variable that does not produce an F-statistic
significant at the ,10 level, Only after this
check is made and the necessary deletions
accomplished can another variable be added to
the model.

-

(Maximum RZ improvement) Unlike the three
techniques above, this method does not settle
on a single method. Instead it looks for the
"best" two-variable model, the "best" three
variable model, and so forth,

Uses latitude and mean monthly temperature to
calculate Thornthwaite's potential evapo-
transpiration for each month,

Uses monthly PET's, pre .ipitation, SS
(beginning moisture in surface layer),

AWCS (available water capacity in surface
layer, SU (beginning moisture in the
underlying layer), and AWCU (available water
capacity in the underlying layer) to calculate
Palmer's soi] moisture budget, drought index
Z, ET, and ET,
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